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Abstract 
Mathematics course should mainly aim at a conceptual learning. Improving students’ reasoning skills is extremely important. 
However, mathematics may sometimes become a routine operation. Students determine the learning method in accordance with 
the test used by the teacher for course assessment and evaluation, in particular. If this test does not assess conceptual knowledge, 
then the students will be inclined to learning by rote. For a student who accurately responds to tests that cannot reveal concept 
knowledge, it is rather difficult to identify what the student actually knows and what kind of concept image s/he has. Using 
comprehension tests can prevent rote learning and help identify the incorrect concept images of students.    
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1. Introduction  
The concept image is the mental pictures that students construct for each mathematical concept. The concept 
definition is a formal definition of a mathematical concept (Lambertus 2007). The distinction between concept 
image and concept definition arose originally in the work of Vinner, Tall, and Dreyfus. In their usage, a concept 
definition is a customary or conventional linguistic formulation that demarcates the boundaries of a word’s or 
phrase’s application. On the other hand, a concept image comprises the visual representations, mental pictures, 
experiences and impressions evoked by the concept name (Thompson 1994). Concept definition refers to the 
mathematical definition of a concept, while concept image is everything associated in somebody’s mind with the 
concept name. The students’ prior exposure to the concepts is detrimental due to the inappropriate existing network. 
As Ausubel stated, “The most important single factor influencing learning is what the learner already knows” 
(DeMarois 1996). 
The concepts should be effectively used at right place and at right time. Van de Wella defined mathematical 
education as follows (Baykul, 1999): 
 
* Tevfik øúleyen. Tel.: +0-505-5926793 
E-mail address: tisleyen@atauni.edu.tr 
 
1877-0428 © 2010 Published by Elsevier Ltd.
doi:10.1016/j.sbspro.2010.03.229  
Procedia Social and Behavioral Sciences 2 (2010) 1527–1531
Available online at www.sciencedirect.com
© 2010 Elsevier Ltd. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1528  Levent Akgün et al. / Procedia Social and Behavioral Sciences 2 (2010) 1527–1531
i. Students need to understand conceptual knowledge of mathematics 
ii. Students need to understand procedural knowledge of mathematics 
iii. Students need to understand relationships between conceptual and procedural knowledge  
 
In mathematics, procedural knowledge defines symbols, rules and knowledge used in solving mathematical 
problems.  On the other hand, conceptual knowledge is described as mathematical concepts and relationship to each 
other (Baykul, 1999). However, it is not possible to separate conceptual knowledge and procedural knowledge 
precisely.  If a person has conceptual knowledge which constitutes procedural knowledge, one can make strong 
connections between basic concepts, can reach to solutions by using data given, find mathematical construction 
wanted, and can easily explain mathematical construction relating with rules and symbols which one knew by ones 
conceptual knowledge.  In mathematics, permanent and functional learning can be possible only by balancing 
procedural and conceptual knowledge (Noss and Baki,1998). 
It is hard for a student to acquire a correct concept definition when conceptual learning does not occur. As a 
result, the student forms his/her own concept image. One cannot expect an exact overlapping of the concept image 
formed by the student with the concept definition. In an ideal learning, efforts should be directed toward forming a 
mathematically correct concept image. It is also important to reveal students’ concept images. For incorrect concept 
images constitute significant obstacles to students’ accurate learning. Therefore, a tutor’s assessment instrument can 
reveal students’ concept images. Conradie and Frith (2000) developed a “comprehension test”, which mainly aims 
to reveal students’ concept images. In the present study, by taking Conradie and Frith’s (2000) test as a reference, 
we developed a “comprehension test” which involves the basic subjects in Calculus such as limit, continuity, and 
derivative. 
2. Comprehension test 
Read the following definitions and answer the following questions. 
Definition 1: By a -neighborhood of a point  we mean the set of all points  such that , where 
 
Definition 2: Let  and let  be a point which is not necessarily in  ( ). We call  an accumulation 
point of  if in each -neighborhood of  there is at least one point which is in   and distinct from . 
Definition 3: i. Given subset  of , continuity of  at  means that for every   there exists a 
 such that for all : . 
ii. If   is not an accumulation point of ,  is assumed continuity at . 
Question: Let f be a function that , . The graph of this function is given below.  
 
 
 
 
 
 
 
 
Figure 1. The graph of function 
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a) Is this function continuous at the point ? 
b)  “if functions f is continuous, its graph can be drawn without removing your pen from the paper” the statement is 
true or false?  
c) For a function f to be continuous at a point, should there be a limit to that point? 
Definition 1: Let f be a function defined in the open interval and the limit  
h
xfhxf oo
oh
)()(lim o  exists, then function f is said to be differentiated at point 0x  and is denoted by 
h
xfhxfxf oo
oho
)()(lim)('  o . 
Definition 2: The tangent line to  xfy   at   00 , xfx is the line through   00 , xfx  whose slope is equal to 
 0' xf , the derivative of f at 0x . 
Definition 3: If a C curve has equation y=f(x) and we want to find the tangent line to C at the point   afaP , , 
then we consider a nearby point   xfxQ , , where , and compute the slope of the secant line PQ : 
   
ax
afxfmPQ 
  
Then we let Q approach P along the curve C by letting x approach a. If PQm  approach m then we define the tangent 
t to be the line through P with slope m.  
 
   
 
    
 
 
 
 
 
 
 
 
 Figure 2. The graph of tangent line 
Question: As follows the graph of   xxf sin . Show that the following questions by examining the graph of 
this function and the above definitions 
 
 
 
 
 
 
 
 
 
Figure 3. The graph of function 
 
 
a) How many tangents can be drawn at the point  S x  to this function? 
b) Is there a derivative of the function f at the point S x ? 
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Definition 1: Let A R  and let c be a point which is not necessarily in A (c R ). We call c an accumulation 
point of A if in each G -neighborhood of c there is at least one point which is in A and distinct from c. 
Definition 2: Let ƒ : A ĺ R  be a function and c accumulation point of A R . Then the formula   LxfLim
cx
 
o
 
means for each real İ > 0 there exists a real   0! HGG  such that for all x with 0 < |x í c| < į, we have   
|ƒ(x) í L| < İ.  
Question: xLim
x 3o
 
a) Show that whether xLim
x 3o
is can be calculated or not? 
b) To this question, what is A set of given limit definition in the above? 
 
3. Benefits of comprehension test 
a) Mathematics is a way of thinking (Pesen and Odabas 2000). Then, thought should be brought into prominence. 
Question types such as “prove the x theorem” or “state and prove y theorem” lead students to verbatim memorizing 
(Conradie and Frith 2000). Comprehension tests are required to improve reasoning skill. 
b) It is important in identifying students’ concept images. It is difficult to identify students’ concept images by 
using question types such as “Calculate the limit” or “Is function f continuous at point x=a?”.  
c) Since this type of test question the content of any subject step by step, it is easy to identify what deficiencies or 
difficulties the students have at any step regarding the subject.  
 
4. Conclusion and Suggestions 
 
Thinking prevails in mathematics courses which are based on abstract thinking. At times, students’ attempts at 
memorizing can be attributed to the incorrect pedagogical attitude of teachers. Such incorrect pedagogical attitudes 
may also include assessment tests. Repetition of the same question types in assessment instruments may lead 
students to perform without thinking. For instance, Tall and Vinner (1981) and Ozmantar and Yesildere (2008) 
demonstrated in their studies that the students had the concept image that “the graph should be one piece or one 
should be able to draw the graph in one move without raising the pencil from the paper” for a function to be 
continuous. A mathematics instruction based on memorizing is undesirable in which thinking is of secondary 
importance.  
We believe that using “comprehension tests” will be useful in identifying concept images. By identifying 
students’ concept images, their pedagogical misconceptions and conceptual difficulties will be prevented at the least. 
Thus, even simply identifying concept images is extremely important. 
In a test content with step-by-step questioning, it is easy to identify the steps in which students have 
misconceptions. This way, concept images can be easily converted into concept definitions through feedback.  
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